Introduction
Acute inflammation of the middle ear, acute otitis media (AOM), is the most common bacterial infection among infants and young children. Almost all children experience at least one episode of AOM, and about 30% have two or more episodes by the age of 3 years. The peak incidence of AOM is in children aged 3-18 months, with the most sensitive period between 3 and 11 months.
In Europe, the overall annual incidence rate of AOM is 268 episodes per 1.000 children [1] [2] [3] [4] . Today, otitis media is considered a multifactorial, dynamic and continuous inflammatory process of the tubotympanomastoid complex which may have one or more clinical manifestations. Bearing in mind the dynamics and progression of the middle ear (ME) inflammation, classification of ME diseases has a didactic importance primarily because the transition borderlines from one clinical form to another are often unclear [5] [6] [7] .
Otogenic complications are most common in recurrent acute bacterial otitis and exacerbation of chronic inflammatory processes of the middle ear. They are related to disturbed balance between local and general immune defense mechanisms, severe pathogen virulence and/or adequate, but untimely treatment. Sometimes they can be the first sign of inflammation of the middle ear. Infection spreads from the middle ear either towards intracranial or extracranial structures. The most common otogenic complication in children with acute inflammation of the middle ear is mastoiditis [8] . In the initial stage, the pathoanatomical substrate of mastoiditis includes mucosal edema in the mastoid area, dilation of blood vessels, and seromucous secretions in the cellular space. The stage of coalescence is dominated by purulent discharge from the mastoid cells, which causes local hypoxia, ischemia, and local acidosis under increased pressure, resulting in the osteoclastic dissolution of the pneumatic cell walls, formation of larger spaces filled with purulent exudate and granulations, whereas the final stage is the stage of exteriorizing mastoiditis [6] . Acute mastoiditis in early childhood is always considered a serious complication. It is associated with significant morbidity with potential spread of infection outside the mastoid system with consequent extracranial and intracranial complications, as well as possible hearing impairment. There are three clinical types of mastoiditis: acute mastoiditis with exteriorization, acute mastoiditis without exteriorization, and latent (subclinical, masked) mastoiditis.
Material and Methods
A retrospective study of children surgically treated for mastoiditis was conducted at the Department of Ear, Nose and Throat Diseases of the Clinical Center of Vojvodina in Novi Sad in the period January 1, 2002 -December 31, 2011. The sample included 56 children (30 boys -53.57%, and 26 girls -46.42%), aged to 17 years. Relevant data from case histories and surgical procedures were analyzed for all studied children. The initial prehospital treatment included antibiotics or antibiotics and paracentesis, without favorable clinical results, thus mastoidectomy was required. The obtained results were statistically analyzed and presented using Microfsot EXCEL for statistical analysis.
Results
In the analyzed sample, the incidence of mastoiditis was highest in early childhood: in children up to 36 months of age (43/56 children -76.78%), infants up to 12 months of age (17/56 -30.35%), and 13-24 months of age (22/56 -39.28%). Mastoiditis developed in 13 children (23.22%) over 36 months of age (Graph 1).
Seasonal incidence peaks of mastoiditis were in the autumn-winter period, accounting for 62.5% of children (Graph 2).
Of 56 children diagnosed with mastoiditis in the studied period, 16 children (28.57%) had a retroauricular abscess, 2 (3.57%) had facial nerve paresis, and 2 children (3.57%) had neck lymphadenopathy (Graph 3). Before mastoidectomy, 34 children (60.71%) out of 56 children were treated with prolonged multiple antibiotic therapy, while 22 children (39.28%) underwent paracentesis and antibiotic therapy, before or after admission. Rightsided mastoiditis was found in 30 children (53.57%), left-sided in 20 (35.71%), and bilateral in 6 children (10.71%). Otomicroscopic findings showed that the tympanic membrane was thickened and stiff in 41 children (73.21%), it was thickened with microperforation in 6 children (10.71%), and 9 children (16.07%) presented with thickened tympanic membrane and lowering of the posterior wall of the external auditory canal (Graph 4).
Abbreviations
The preoperative middle ear symptoms lasted up to three weeks in 25 children (44.64%), between one and three months in 21 children (37.5%), and over three months in 10 children (17.85%) (Graph 5).
Laboratory findings revealed leukocytosis in 29 children (51.78%) (10-15x10 9 g/l), 23 children (41.07%) had leukocytes exceeding 15x10 9 g/l, while 4 children (7.14%) had 10x10 9 g/l. The sedimentation rate was over 61 in 20 children (35.71%), between 41 and 60 in 8 children (14.28%), between 21-40 in 15 children (26.78%), and less than 20 in 4 children (7.14%). Hematocrit was less than 0.29 g/l in 21.42% out of 56 children, and hemoglobin was below 109 g/l in 42.85% of cases.
Intraoperative findings showed that 20 children (35.71%) had severe hyperplasia of the mucosa and granulation, 10 children (17.85%) had osteitis and granulation, 22 children (39.28%) presented with mucosal hyperplasia and mucopurulent discharge, and 4 children (7.14%) had mucosal hyperplasia and denudation of the dura mater of the middle cranial fossa (Graph 6).
Mastoidectomy was performed in 56 children, intraoperative swabs were not obtained from 36 of them (64.28%), Streptococcus pneumoniae and Coagulase-negative staphylococci were isolated in 3 (5.35%) and 2 children (3.57%), respectively and swabs were negative in 15 children (26.78%).
Discussion
Inflammation of the middle ear is a common condition in early childhood. It clinically manifests as sporadic, recurrent or chronic inflammation. Although the introduction of antibiotics has reduced the incidence of mastoiditis, a rising tendency has been observed in recent years [9, 10] . This phenomenon may be due to the development of bacterial resistance to antibiotics. However, the initial treatment of otitis media may be ineffective (doseand duration-wise), or inadequate, which leads to additional development of complications, particularly acute mastoiditis. Defence against pathogenic microorganisms is lowest in infants and young children. Diagnosing children with acute otitis media is difficult, mainly due to the characteristics of the external auditory canal, specific position and quality of the tympanic membrane. In the examined sample, the incidence of mastoiditis was highest in children under two years of age, 22 (39.28%). The age distribution in this study is in agreement with available literature data [11, 12] . With regard to gender distribution, mastoiditis is somewhat more common in boys than in girls, 1.15:1. Higher incidence of mastoiditis among boys was also reported by other authors, Serrao-Neto et al., Spratley J. et al., Baljošević I. et al. [13] [14] [15] , while Paterson et al. reported a lower percentage of boys treated for mastoiditis compared to girls [16] .
A seasonal mastoiditis incidence analysis showed that most children (62.5%) were admitted during the autumn-winter period (October to March), as opposed to 37.5% of children admitted in the springsummer period (April to September), showing a statistically significantly higher incidence of mastoiditis in the autumn-winter period compared to the spring-summer period (p = 0.0449, i.e., p<0.05). Regular seasonal peaks that may confirm the association between mastoiditis and inflammation of the upper respiratory tract were also reported by other authors [16] .
The duration of symptoms of the middle ear inflammation in children with mastoiditis differed, so the symptoms lasted less than three weeks, between one and three months and over three months in 44.64% of children with acute mastoiditis, 37.5% with subacute course and in 17.85% of children with chronic mastoiditis, respectively. According to literature data, the average duration of illness before admission is under 7 days [8, 17] .
The clinical picture of the studied children was typical. Of 56 children, 16 children (28.57%) had a retroauricular abscess, 2 (3.57%) had facial nerve paresis, and 2 children (3.57%) had neck lymphadenopathy. Otomicroscopic findings showed that 73.21% of children had stiff and thickened tympanic membrane, in 10.71% it was thickened with microperforation, and 16.07% of children presented with thickened tympanic membrane and lowering of the posterior wall of the external auditory canal, corresponding with pathological findings in 89% of children who underwent mastoidectomy [18] .
In the diagnosis of mastoiditis, laboratory tests are an integral part of the diagnostic process: increased erythrocyte sedimentation rate, leukocyte count, and red blood cell count (hemoglobin -HGB, hematocrit -HCT). In our sample, 76.78% of children had an elevated sedimentation rate (higher than 21), and 92.85% had leukocytosis > 10x10 9 g/L, but it was very significant that in 42.85% the level of hemoglobin was less than 109 g/l, whereas in 21 children (42%) the hematocrit was less than 0.29 g/l. In their sample of patients undergoing mastoidectomy (60% with exteriorizing mastoiditis), Lautermann J. et al. [18] found elevated sedimentation rate in 95% of patients, that being the best laboratory indicator, but no analysis or comparison was made for the red blood cell count (hemoglobin, hematocrit).
Streptococcus A β-haemolyticus, Streptococcus pneumoniae, Coagulase-negative staphylococci and Haemophilus influenzae are the most common organisms recovered in acute mastoiditis [15, 19, 20] . Results of our study show that intraoperative swabs were not obtained from 36 children (64.28%), in 15 cases (26.78%) swabs were negative, Streptococcus pneumoniae and Coagulase-negative staphylococci were isolated in 3 cases (5.35%) and 2 cases (3.57%), respectively. Failure to collect swabs can be explained by the assessment of the ENT surgeon that taking intraoperative swab would be inappropriate due to preoperative, often prolonged multiple antibiotic treatment, which was confirmed by negative findings of swabs taken under these conditions.
Without appropriate treatment, mastoiditis may rapidly progress to severe extracranial and intracranial complications. So far, there are no clearly defined criteria for performing mastoidectomy in children. Indications for mastoidectomy include elevated white blood cell count, retroauricular abscess and fever. According to the clinical practice at the Department of the Ear, Nose and Throat Diseases of the Clinical Center of Vojvodina in Novi Sad, indications for cortical mastoidectomy in childhood include: acute coalescent (purulent) mastoiditis with subperiosteal abscess or other forms of exteriorization, purulent otomastoiditis without exteriorization, and latent mastoiditis with positive otomicroscopic findings, prolonged clinical course with or without positive laboratory markers for active purulent infection.
Conclusion
Mastoiditis in children is most common among children up to 24 months of age. It has a seasonal tendency with the highest peak during the autumn-winter period, with a statistically significant difference compared to the spring-summer period (p = 0.049). In nearly half of the cases, clinical manifestations of mastoiditis appear three weeks after the onset of the first symptoms of middle ear inflammation, whereas the key otomicroscopic finding for all three types of mastoiditis is stiffness and thickening of the tympanic membrane.
